In this work, we demonstrated metal tagged cell counting based on planar waveguide with the help of a visible light at 633 nm with TM polarization and calculated the output power in relation with the density of cells placed on the waveguide. 
Introduction
RbTiOPO 4 (RTP) belongs to KTiOPO 4 (KTP) family of nonlinear optical crystals. These crystals are orthorhombic, with the space group Pna 21 . These crystals are well known for their large electro-optical coefficients, high nonlinear coefficients and low dielectric constants which make them attractive for electro-optic applications such as modulators and Q-switches [1] . These electro-optic properties makes RTP compounds as attractive material for integrated optical applications for the fabrication of active and passive devices. Traditionally in KTP family, the devices are fabricated by ion diffusion techniques where gradient refractive index contrast is achieved [2] . Planar optical waveguides are already been performed on epitaxial layers (Yb,Nb):RTP on RTP and these systems possess a stepped refractive index contrast, for guiding light in the near infra red (NIR) and visible range. Reactive ion etching (RIE) is widely used for structuring different dielectric materials such as SiO 2 and LiNbO3 [3] . However, the use of this technique in the KTP family of compounds has been not largely explored. In the past years, KTP is recognized as a finer material for guiding wave optics. KTP has shown to have attractive properties for SHG of the Nd:YAG and other Nd:doped Information Technology and Nanotechnology (ITNT-2016)lasers, sum and difference frequency mixing and optical parametric oscillation processes. KTP thin films offer a practical and cost effective alternative to single crystals with enhanced design and capability for integrated optic applications. Nowadays the literature related to integrated photonics in RTP is scarce as compared to KTP. Over past few years, research has been conducted on RTP in order to explore its properties for the use in integrated photonics. First exploratory research to obtain optimum conditions for RIE in (Yb,Nb):RTP epitaxial layer to obtain a channel waveguide with a height around 1 microns was demonstrated [5] . Recently, some work related to RTP waveguides based on ion exchange, RIE and direct laser writing were demonstrated [5] [6] [7] . We believe that, this report is the first demonstration of the waveguide sensor to count cells based on RTP waveguides. In this paper, we demonstrated the practical use of (Yb,Nb):RTP/RTP(001) planar waveguide for cell counting based on BeamProp (Rsoft Design Group) simulations. Waveguides are optical structures capable of guiding light by total internal reflection. Waveguides have been widely used in telecommunication industry for more than 25 years; and were recently employed as a biosensor for detection and diagnosis [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Generally, in optical waveguides, the electromagnetic field of the guided light extends beyond the waveguide core, known as evanescent field which has been exploited in several ways as sensing mechanism [17] [18] [19] . When this evanescent field interacts with the overlaying particles and changes its refractive index, the effective refractive index of the guided mode changes which provides the sensing mechanism. We investigated the effect of evanescent field on the metal tagged objects for sensing purpose as shown in Figure 1 . In our proposed design, we used a planar waveguide of RTP/(Yb,Nb):RTP/RTP(001) system. The design is optimized by varying core and cladding parameters for efficient sensing. In our approach, a visible light of 633 nm TM polarized light as an input, because these waveguides can only guide TM polarization [6] . When the light encounters labeled objects lying above the waveguide, such as cells, the intensity in the waveguide attenuated. The attenuation is proportional to the number of cells placed on the waveguide. There are several practical applications of these waveguides for the
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Metal-tagget objects to be counted biological and chemical sensing [14, [20] [21] . We have conducted 3-D simulations by using BeamProp software in order to provide the optimized design with high sensitivity.
Proposed Fabrication Steps
Although this article is based on simulation results of the waveguide sensor, we hereby provide the scheme for the fabrication of such waveguide for future development. Chromium metal layer deposited on RTP (001) substrate will act as a hard mask during physical etching. Direct laser writing or conventional photolithography is used to provide patterns on positive photoresist. The sample is then developed and chemically etched by commercially available chromium etchant. Now, the sample is ready for RIE. The optimized recipe for etching can be found in [4] . Once, the groove are obtained in the substrate, the epitaxial layer of (Yb,Nb):RTP is grown by using liquid phase epitaxy (LPE) method. The epitaxial layer is polished until it is only present in the groove. The end faces perpendicular to propagation direction are polished and coupled with laser light.
Analysis of waveguide output power for periodic cell distribution
In this section of the paper, we have analyzed the effect of various concentration of cells periodically placed on the waveguide versus the output power for the purpose of cell counting. Three different core heights of 2, 3 and 4 µm are used to examine the sensitivity of the waveguide sensor. Additionally, we have used a cladding index of 1.35 to represent the aqueous solution that can be expected in the microfluidic channel. The refractive index of RTP substrate and (Yb,Nb):RTP epitaxial at 633nm was obtained from [6] . To simulate the effect of metal tagged objects, we placed 4 x 4 x 4 µm aluminium metal cells and used a complex index of refraction and absorption coefficient of 1.3387 and 7.2975 at 633 nm respectively. The metal coated objects were placed on the waveguide at a distance of 3000 µm from the input of the waveguide till 7000 µm and the total power in the waveguide is analysed. The power stays constant in the waveguide and starts to decrease when encounters the metal coated cells and then remains constant in the absence of the cells. The concentration/number of cells to be placed on the waveguide for the purpose of analysis are calculated according to Table 1 . In order to simulate the propagation along z-axis, we used Implicit Crank-Nicolson scheme with a grid size of 0.4 µm in X, Y and Z and by applying the Simple Trans-parent Boundary Condition (TBC). The Gaussian pulse was choosen for launch condition. The weight and height of launch field are equal the weight and height of the waveguide core. The cells were periodically placed on a waveguide with a special dynamic array tool by using the formula (1) .
where T dist is the periodicity of cells, S total is the total area which is covered by cells, C cells is cell concentration. Figure 2 (a) and (b) represents the power decay versus the propagation distance in the presence of periodic cell distribution placed on waveguide at 5% and 15% respectively. TM polarized light at 633 nm was used for these simulations. It can be seen that, the input power in the waveguide with 2 µm core thickness has some oscillations and has less propagation power as compared to waveguide with core 3 and 4 µm marked in green and red respectively. It shows that, core height of 2 µm is not able to support the modes properly at 633 nm. Therefore, we can choose core height of 3 or 4 µm for proper light transmission.
Analysis of waveguide output power for random cell distribution
When the cells are placed in aqueous solution over the waveguide, their distribution cannot be controlled. Cells can have distributions such as periodic, random or even they can make clusters. Therefore, in this work, we have focused on the random cell distribution. We performed some simulations by keeping in mind, the behavior of micro particles placed in aqueous solution over the waveguide. Therefore, we randomly distributed the cells on the cladding layer at a distance of 3000 µm from the input of the waveguide till 7000 µm. These simulations were performed for 1 % of cell concentration Information Technology and Nanotechnology (ITNT-2016) 20
with, uniform cell distribution, random cell distribution and clusters. Figure 3a shows ordinary distribution of cells (random or periodic distribution) and Figure 3b represents distribution with clusters of cells. To explain clusters we use various heights of the cells as explained in Table 2 . In case of random (line 2) and uniform cell distribution (line 1), even though, the contact area of cells with waveguide is equal but the sensitivity of the waveguide is much higher for random cells distribution. As the cell size increases, the contact area with the waveguide increases, therefore we can observe a drastic fall of power for 3-5 lines according to their contact areas. The line 5 represents the power decay in the waveguide with larger total volume of the cells (V total ) placed on it. The volume of the cells is much larger than other cells distribution under consideration that it can be treated as a cluster of cells placed on the waveguide. But the total area of contact of the cells with the waveguide is equal for line 4 and line 5; therefore, the power decay response is overlapping. This fact suggests that, the cell counting depends on the contact area of the cells with the waveguide. In order to understand the results obtained in Figure 4 , we have analyzed the evanescent field travelling outside the core at a height of 0.1 µm . As it can be seen from Figure 5a , the field is not homogeneous throughout the propagation distance. This can highly effects the interaction of the field with the cells that is why when the cells with different distributions are placed over the waveguide, the output power response is different (line 1 and 2) as shown in Figure 4 . We have also studied the behavior of evanescent field on single cells as well as clusters of cells. For this reason, we have plotted the evanescent field at a distance of 1µm over the waveguide as shown in Figure 5b . It can be seen that the field intensity in Figure 5b is close to zero which means that evanescent field only interacts with the first layer of cells. Therefore, line 4 and 5 has same output response regardless of different heights as shown in Figure 4 . 
Conclusion
In summary, we have proposed a method of using planar buried waveguides based on (Yb,Nb):RTP/RTP(001) system to estimate metal-tagged objects encountering evanescent field of the waveguide. These proposed waveguides can be used for counting metal-tagged cells or other molecules that can scatter energy from the waveguide. In this work, we have studied different distribution of cells over the waveguide. The
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analysis of the evanescent field determines its non-homogeneity; therefore each cell distribution has its own impact on the output power. However, the contact area of the cells with the waveguide is the vital factor for cell counting. This technique can work with virtually any metal-tagged cells; we expect this technology to impact on cell counting applications in military medicine, in disaster settings, and in rural healthcare.
